ABSTRACT: Intervertebral disc (IVD) consists of surrounding tissue annulus fibrosus and central nucleus pulposus, which are partially degenerative in scoliotic IVDs. Successful regeneration of scoliotic alterations requires cognition of critical paracrine mediators of cellto-cell contact in the IVD. In this work, we hypothesized that transforming growth factor b (TGF-b) is involved in the intercellular communication of nucleus pulposus cells (NPCs) and mesenchymal stem cells (MSCs). We observed that in cultured NPCs TGF-b1 stimulated COL1A1 expression, encoding collagen I, and in MSCs stimulated COL1A1 and SOX9 expressions. We subsequently cocultured NPCs and MSCs together using direct and indirect transwell systems. The expression of miR-140 and miR-145 were decreased in co-cultured NPCs. We observed that direct co-culture system stronger than the indirect system decreased expression of three miRNA. The expression of COL1A1, ACAN, encoding aggrecan, and SOX9 genes was increased in MSCs co-cultured with NPCs. Cocultures were incubated with two inhibitors of TGF-b type I receptor: SB-431542 and SB-525334. In co-cultured NPCs, SB-431542 and SB-525334 annulated downregulation of miR-140 and miR-145. In MSCs these inhibitors diminished stimulation of COL1A1, ACAN, and SOX9. We concluded that stimulation of COL1A1, ACAN, and SOX9 Keywords: intervertebral disc; transforming growth factor b; nucleus pulposus cells; bone marrow mesenchymal stem cells; miRNA Degeneration of intervertebral disc is a current problem of developed societies due to quotidian activity overloading the backbone, aging, genetic heritage, and diseases.
Degeneration of intervertebral disc is a current problem of developed societies due to quotidian activity overloading the backbone, aging, genetic heritage, and diseases. 1, 2 Several therapies for degenerated intervertebral disc (IVD) were proposed in which cells are injected into IVD to stimulate regeneration. 3 To increase the probability of IVD regeneration using autologous graft IVD cells or mesenchymal stem cells (MSC) are collected from the patient, cultured in vitro and reintroduced to the same patient. 3 Local homeostasis in the IVD is driven by the reciprocal influence of nucleus pulposus cells (NPCs) and naturally occurring progenitor cells. 4 Efforts have been undertaken to mimic these in vivo conditions using various cell culture systems. 5 NPCs and MSCs were grown in direct, indirect or 3D co-culture systems. 6 Cell-to-cell contact systems were analyzed to demonstrate phenotypic effects on the cells. 7 The reciprocal character of the cellular interaction has been demonstrated, but the question of how the cellto-cell communication is initiated between bone marrow mesenchymal stem cells (BM-MSCs) and NPCs remained unanswered.
MSCs interact in co-cultures with other cell types using several mechanisms, for example, secretome (cell cytokines, hormones, growth factors), extracellular vesicles (EVs, exosomes), tunneling nanotubes (TnT), and cell fusion. 8 MSCs can communicate with chondrocytes and NPCs using soluble factors (e.g., TGF-b family members) and membrane interchange, for example, cell fusions, gap junctions, extracellular vesicles, and TnTs. 9, 10 Various co-cultures were applied as models of MSCs interaction with NPCs and induction of chondrocyte phenotype in MSCs. 11, 12 In the indirect co-culture system, two cell types contact only by soluble factors and extracellular vesicles. 5, 13 An alternative, direct co-culture systems, enables contact with soluble factors, membrane protrusions, and contact connections. 11 Direct co-cultures were observed to promote phenotypic changes in NPCs and MSCs. 11 TGF-b is anabolic growth factor which stimulates MSCs differentiation into chondrocyte NP-like phenotype.
14 TGF-b also modifies the phenotype of NPCs causing the increase of aggrecan synthesis. 15 TGF-b1 was secreted by rabbit NPCs in culture to about 0.5 ng/ml, and this concentration was increased after co-culture with MSCs to 1.6 ng/ml. 12 TGF-b1 was also secreted by human MSCs in culture (0.2-0.4 ng/ml), 16 and the MSCs cells expressed active receptors for TGF-b. 17 An indirect co-culture of MSCs and NPCs caused increased expression of TGFB1, gene encoding TGF-b1 and secretion of TGF-b1 to the culture medium. 18 However, the phenotypic effects of TGF-b1 applied on NPCs and MSCs separate cultures, and the effect of MSCs and NPCs co-culture without external TGF-b1 are different. 12 Moreover, TGF-b is secreted from cells, sometimes on a surface of exosomes, as a latent complex, with low effectiveness in cell stimulation. 19, 20 It is not clear whether or not TGF-b is a mediator of MSCs and NPCs interaction, or instead increase of TGF-b level in culture media was a consequence of intercellular communication mediated by other factors.
In comparison with indirect co-culture, direct contact of MSCs and NPCs stimulated expression of SOX9, COL2A1, and ACAN marker genes. 21 This observation suggested investigating modes of direct intercellular contact, for example, gap junctions and TnTs. Several studies have shown that growth factors, interact with ECM, and perform the paracrine/autocrine effect. 22, 23 We, therefore, investigated in the present work whether NPCs and MSCs communication required direct contact and activation of TGF-b pathway. 24 An addition of TGF-b induced gene expression and glycosaminoglycans (GAGs) synthesis in NPCs. 15 TGFb increased expression of chondrocyte marker genes in MSCs, 14 and TGF-b3 was more effective than TGFb1. 25 Phenotypic effects of co-culture in MSCs and NPCs were demonstrated in several studies. 21 Strassburg et al. 10 have demonstrated, using co-culture systems of MSCs and NPCs, that direct cell-to-cell contact is essential for MSCs differentiation toward an NP-like phenotype. MSCs were characterized by an increase of expression of NPCs marker genes. In turn, the phenotype of co-cultured NPCs was also modulated by co-incubation with MSCs, and the NPCs proliferation was increased. 11 In NPCs co-cultured with MSCs, the mRNA levels of rabbit collagen II (Col2a1) and aggrecan (Acan) were increased. 12 NPCs co-cultured with MSCs treated with SB-431542, a specific inhibitor of TGF-b type I receptor (ALK5, TBRI), caused stable and low expression levels of Col2a1 and Acan.
12 It suggests a role of TGF-b in the interaction of NPCs and MSCs or autocrine regulation. 12 Recently it has been shown that miR-140 stimulates chondrogenesis in MSCs. 26 Several miRNAs (e.g., miR-21, miR-155, miR-10b) are modulated in degenerative IVD.
27 SOX9 is negatively regulated by miR-145, Smad7 by miR-21 and Smad3 by miR-140. [28] [29] [30] Since miRNAs are present in exosomes and could be transferred by gap junctions and TnTs we posed the question what the effect of NPCs and MSCs co-culture is on intra-and extracellular levels of selected miRNA. Additionally, since NPCs and MSCs secrete cytokines belonging to TGF-b family, 15 we investigated whether TGF-b was involved in the intercellular communication of NPCs and MSCs in co-culture.
In this work, we compared co-culture in the indirect (transwell system) and the direct system (transwell system on both sides of the same insert) with 1 mm pores which permitted for contact by TnTs and soluble factors. 11 Under three conditions: no contact, indirect contact, and direct contact, we applied SB-431542 and SB-525334 inhibitors of ALK5 TGF-b receptor. We concluded that stimulation of human MSCs by the presence of NPCs was dependent on an active TGF-b receptor and the contact caused regulation of RNA in both cells.
METHODS

Materials
This study was approved by the Poznan University of Medical Sciences Institutional Review Board. The SW-1353 line was purchased from CLS Cell Lines Service GmbH (Eppelheim, Germany). Inhibitors of TGF-b receptor I (TbR-I/ALK5) were purchased from Sigma-Aldrich (St. Louis, MO) (SB-431542, S-4317) and Calbiochem (SB-525334, 616459).
Patients and Tissues
NPCs and MSCs were collected using an anterior approach from six teenage patients undergoing surgery to correct thoracolumbar or lumbar scoliosis during the routine preparation of the site for anterior spondylodesis. IVD tissue was dissected mainly from Th12 to L3 using a scalpel to separate the nucleus pulposus from the annulus fibrosus tissue. Bone marrow was collected at the time of resection of bony fragments of vertebrae as a preparation for anterior spondylodesis.
Regarding the parameters characterizing scoliosis, the following values were adopted; Cobb's angle, translation of apical vertebra, and side bending correction index. Among clinical parameters, we used age, height, weight, and BMI. We adopted the following exclusion criteria as follows: (i) use of analgesic, antibiotic or steroid medication before hospital admission; (ii) previous surgery in the spinal area. Patients received in-depth information on the aim of the study and were assured of anonymity. Informed consent from the legal guardians of each patient was obtained before the request to collect NPCs from donors was made. The study design was approved by the Poznan University of Medical Sciences Institutional Review Board (approval number 838/ 09) and was carried out following universal ethical principles.
Cell Culture NPCs The procedure was described in our previous paper. 9 Briefly, the nucleus pulposus was enzymatically digested overnight at 37˚C with 0.02% collagenase type II (Sigma-Aldrich) in a serum-free medium containing 100 units penicillin, 100 mg streptomycin and 250 ng amphotericin B per ml (ABAM, Sigma-Aldrich). The digested tissue/cell suspension was filtered through sterile nylon fabric to remove remaining tissue debris. Cells were centrifuged at 300g for 5 min, seeded onto a tissue culture flask and cultured at 37˚C in 5% CO 2 /95% air, in (1:1 v/v) Dulbecco's Modified Eagle's Medium/Nutrient F-12 Ham (DMEM/F-12) (Sigma-Aldrich) supplemented with 10% foetal bovine serum (SigmaAldrich), ABAM solution and vitamin C (5 mg/ml) (SigmaAldrich).
MSCs
Cells were extracted mainly from bony fragments of Th12 to L3. The spongy bone was minced mechanically and enzymatically digested overnight in similar conditions as for the NPCs. The digested tissue/cell suspension was filtered and resuspended in a RosseteSep buffer (StemCell Technologies,
Vancouver, Canada). Subsequent steps of stem cell enrichment were performed according to the Stem Cells Kit procedure (RosetteSep Human Mesenchymal Stem Cell Enrichment Cocktail, StemCell Technologies). In short, after overnight digestion of vertebrae, the total lysate was resuspended in the medium containing the serum. Next, after incubation for 25 minutes, the cells were placed in the Lymphoprep solution (StemCell Technologies) and centrifuged 25 min. The intermediate layer of cells was moved into a cell culture dish and placed in the incubator in a medium similar to the one used for the NPCs except here the culture medium DMEM/F-12 was W/O vitamin C. For the first four days of culture the cells were washed daily to enable selection of adhesive cells only. The obtained subpopulation of MSCs was subcultured in a chondrocyte selective cell culture medium (Human Mesenchymal Stem Cell Functional Identification Kit, R&D Systems Inc, Minneapolis, MN, USA). RT-PCR was applied to detect expression of TGFB1, SOX9, COL1A1, and ACAN to confirm chondrocyte-like phenotype. 9 SW-1353 were seeded onto a tissue culture flask and cultured at 37˚C in 5% CO 2 /95% air, in (1:1 v/v) DMEM/F-12 (Sigma-Aldrich) supplemented with 10% fetal bovine serum (Sigma), and ABAM (Sigma-Aldrich).
Transwell System
NPCs or MSCs were cultured in the 1 mm pore size Transwell insert system (Cell Culture Inserts for 6-well plates, 1 mm, translucent PET membrane, BD Falcon TM , Franklin Lakes, NJ) placed in culture dishes (6-well Cell Culture Plate, BD Falcon TM ). In 6-well culture dishes or inserts the same number (150,000 cells) of MSCs or NPCs were cultured (150,000 cells per well). Cells were cultured in two variants: cells were placed in the insert, and the lower dish or cells were cultured on the upper and lower surface of the Transwell system membrane (Fig. 1) . The later enabled direct contact via direct cell-to-cell connections, for example, gap junctions and TnTs but also soluble factors.
Transfection
The (CAGA) 12 -MLP-Luc reporter was donated by Dr. J. M. Gauthier (Les Ulis, France) 31 and the plasmid used for transfection was prepared using Midi Prep kit (QIAGEN, Hilden, Germany). A day before the transfection, the SW-1353 cells were placed (100,000 cells per well) in 24-well dishes (BD Labware) and transfected with (CAGA) 12 -MLPLuc and Renilla luciferase using Lipofectamine 2000 (Thermo Fisher Scientific, Waltham, MA), according to the manufacturer's protocol. The next day, the SW-1353 cells were co-cultured with NPCs or MSCs in the inserts (indirect co-culture). Luciferase assays were performed on the SW-1353 cell lysates after two days, using the Dual-Luciferase Reporter Assay System (Promega, Madison, WI). Luciferase activity was measured, using a 20/20n Luminometer (Turner BioSystems, Sunnyvale, CA) and expressed as a mean AE SEM. Each experiment was repeated three times.
RNA Extraction and RT-PCR
Total RNA was extracted from the cultured NPCs and MSCs with the use of TRItidy G, according to the manufacturer's instructions (Applichem, Darmstadt, Germany) and High Pure Viral RNA Kit (Roche, Mannheim, Germany) was used to purify RNA. One mg of total RNA was used to a synthesis of cDNA by M-MLV Reverse Transcriptase Kit (Thermo Fisher Scientific). Oligo(dT) 15 primed cDNAs were quantified qPCR, using primers listed in Table 1 , the LightCycler FastStart DNA Master SYBR Green I kit (Roche, Basel, Switzerland) and LightCycler 480 (Roche). Crossing-point values were calculated automatically based on the second derivative algorithm, and the results were analyzed by the relative expression method. PUM1 and MLN51 were used as reference genes.
miRNA Analysis
To evaluate the RNA expression levels, TaqMan microRNA Assays (Thermo Fisher Scientific) for real-time RT-PCR were run for hsa-miR-21-5p (000397), hsa-miR-140-5p (001187), hsa-miR-145-5p (002278), and RNU6B (001093). All samples were reverse transcribed using the TaqMan MicroRNA Reverse Transcription Kit (4366596, Thermo Fisher Scientific) and specific starters from the TaqMan microRNA assay. TaqMan Universal PCR Master Mix (4304437, Thermo 
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Fisher Scientific) and specific primers from the TaqMan microRNA assays were used to quantify miRNAs in samples using a LightCycler 480 (Roche). All samples were calculated according to the same efficiency E ¼ 2 because of the standardized efficiency in miRNA assays is ensured by the manufacturer (Thermo Fisher Scientific).
Statistics
All the results presented in the bar diagrams are mean values of at least three biological repeats. Error bar represents standard error of the mean. The significance of difference was calculated using one-way ANOVA. NeumanKeuls post test was performed using GraphPad InStat version 3.00 for Windows 95, GraphPad Software, San Diego, CA, www.graphpad.com.
RESULTS
In previous studies it has been shown that medium containing TGF-b3 and dexamethasone, stimulates expression of human COL1A1 and ACAN in cultured MSCs. 7 We tested the responsiveness of NPCs and MSCs to exogenous TGF-b1 before the study of the NPCs interaction with MSCs in cell co-culture. NPCs were cultured 2 weeks in the presence of 1 or 10 ng/ml TGFb1 provoking an increase of COL1A1 expression (Fig. 2) . The expression of aggrecan, a gene (ACAN) encoding extracellular matrix protein was diminished. SOX9, gene encoding transcription factor involved in chondrocyte differentiation, and TGFBI, encoding TGF-b1 were not regulated by TGF-b1. In MSCs COL1A1 and SOX9 were stimulated and ACAN and TGFBI were not significantly regulated (Fig. 2) . Micro-RNA miR-21 was decreased in MSCs by TGF-b1 (Fig.  2) . These experiments confirmed sensitivity of NPCs and MSCs to TGF-b1. It remained unclear if NPCs and MSCs were able to secrete themselves an active TGF-b1. To assay secretion of TGF-b we transfected SW-1353 chondrosarcoma cells with TGF-b sensitive plasmid (CAGA) 12 -MLP-Luc. After transfection of cells we estimated activation of TGF-b/Smad2/ 3/4 pathway by measuring luciferase activity. SW-1353 cells transfected with (CAGA) 12 -MLP-Luc plasmid were treated with TGF-b1 1 ng/ml or chondrogenic medium (StemPro). TGF-b1 stimulated 15 times and chondrogenic medium almost 30 times the expression of the reporter gene (Fig. 3B ). Subsequently using co-culture of transfected SW-1353 with NPCs or MSCs we tested response of SW-1353 to TGF-b secreted by NPCs and MSCs (Fig. 3A) . After two days of co-culture SW-1353 cells were lysed and expression of reporter luciferase gene was measured. Contrary to expectation, we observed negative impact of NPCs and MSCs on activity of luciferase in SW-1353. We concluded, that NPCs and MSCs responded to external TGF-b1 but were unable to activate TGF-b/Smad pathway in co-cultured SW-1353 cells.
To measure reciprocal interaction of NPCs and MSCs we applied two variants of transwell co-culture system separated by a membrane with 1 mm pores. NPCs were cultured in the upper well of the transwell system and MSCs were cultured on the bottom well. Such system enabled intercellular contact solely through soluble factors (indirect co-culture variant). In the alternative version of co-culture which enabled direct intercellular contact, NPCs À MSCs were placed on opposite surfaces of the same transwell insert for 14 days (direct co-culture variant). 12 The lower well was free of cells. The direct variant enabled contact of cells by culture medium, the tunneling nanotubes and gap junctions (communication connections). Expression of genes was analyzed in NPCs and MSCs by RT-qPCR.
There was no difference of COL1A1 expression between control NPCs cultured without MSCs, NPCs co-cultured with MSCs in the indirect and direct coculture systems (Fig. 4) . COL1A1 expression was increased in MSCs cultured in the indirect co-culture system but not in MSCs cultured in the direct coculture system (Fig. 4) . The indirect co-culture conditions stimulated of ACAN and SOX9 expression in MSCs but not in NPCs (Figs. 4 and 5) . We concluded that the indirect co-culture caused stimulation of gene expression in MSCs by soluble factors secreted by NPCs. We tested subsequently if TGF-b might be one of these soluble factors. 12 MLP-Luc reporter and co-cultured with NPCs or MSCs, placed in 1 mm pore inserts, for 2 days (A). SW-1353 cells were also incubated with TGF-b1 1 ng/ml, or chondrogenic culture medium (B). After harvesting, luciferase activity was measured in cells. Renilla luciferase was used as a reference. Results presented as a mean of three experiments AE SD. Ã , ÃÃÃ placed over bars represents respectively flowing p < 0.05, 0.001 confidence intervals referring to control.
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We sequestered TGF-b signaling in co-cultured MSCs and NPCs, using two inhibitors, SB-431542 and SB-525334, of TGF-b receptor I (TbR-I/ALK5). SB-431542 and SB-525334 were applied to abrogate TbR-I-dependent communication and the autocrine TGF-b effects.
Expression of COL1A1 and TGFB1 was decreased by TbR-I inhibitors SB-525334 and SB-431542 in separate culture of NPCs and MSCs after two weeks (Figs. 4 and 5) . SB-525334, caused an increase of SOX9 expression in NPCs in separate culture (Fig. 5) . The stronger effect of SB-525334 was probably caused by lower Km of SB-525334 than SB-431542. 31, 32 The question remained how the TbR-I inhibitors influence on co-cultured NPCs and MSCs.
TbR-I inhibitor SB-525334 but not SB-431542 blocked the increase of COL1A1, expression in cocultured MSCs. ACAN, and SOX9 expression increase in MSCs was more sensitive on TGF-b pathway and blocked by both, SB-525334 and SB-431542 (Figs. 4  and 5 ).
MicroRNA play a role in regulatory loops of gene expression and intercellular communication therefore we tested three miRNA involved in regulation of key chondrogenic genes. MiR-140 and miR-145 were significantly decreased in NPCs co-cultured with MSCs (Fig. 6) . In the direct co-culture, we observed lower expression of these miRNAs than in the indirect co-culture. Moreover, TGF-b inhibitors reversed the inhibitory effect of co-culture on miR-140 and miR-145 levels in NPCs. Together, miR-140 and miR-145 expression in NPCs was diminished by co-culture with MSCs but this decrease was blocked by inhibitors of TGF-b/Smad pathway.
TGF-b1 administered to culture medium decreased miR-21 in MSCs, in contrast, TbR-I inhibitor SB-525334 increased miR-21 level what means that miR-21 is negatively regulated by TGF-b/Smad pathway.
DISCUSSION
MSCs contact with co-cultured differentiated cells by cell fusion, paracrine activity by soluble growth factors, transfer of organelles and molecules via TnTs and exosomes (30-100 nm) and microvesicles (50-1000 nm). 8 The prior works determined the key role of intercellular membrane transfer and direct cell contact in the NPCs and MSCs interaction. 10 Although TGF-b has been used to stimulate separate cultures of MSCs or NPCs (non-co-culture systems), the exact role of TGF-b in the MSCs and NPCs communication in co-culture systems has not been established. In the present work, we used the co-culture methodology from the work of Yamamoto et al., which allowed contact for MSCs and NPCs growing on two sites of the membrane with 1 mm pores (transwell system). This method used by Yamamoto for rabbit cells, we applied for human cells. The advantage of this approach is culture and harvesting separate cell lines unmixed, without the use of stress-generating procedure of cell sorting, chemical staining, or viral transduction. 7, 21 Before using the transwell system, we confirmed that the TGF-b1 migrate from upper to lower dish and stimulate SW-1353 transfected with reporter vector sensitive to TGF-b. We used SW-1353 chondrosarcoma cells because we were unable to transfect MSCs and NPCs directly by standard transfection procedures. This methodology allowed for sensitive detection of TGF-b and revealed weak secretion of this cytokine by MSCs and NPCs in SW-1353/MSCs and SW-1353/NPCs coculture systems. The question raised why NPCs and MSCs secreted low levels of active TGF-b after 2 days in co-culture. In previous studies, it had been shown that TGF-b is present in culture media from NPCs and MSCs on a very low level and is secreted in a latent form. 33 It is also probable that other factors, for example, proinflammatory cytokines, secreted by NPCs or MSCs, inhibited TGF-b dependent promoter in SW-1353. 22 From among various explanations one seems to be most likely. Our NPCs originated from scoliotic IVD and such cells have been earlier described as partially degenerated ( Supporting Information, Fig. S1 ). 34 Degenerated IVD secrete proinflammatory cytokines inhibiting TGF-b/Smad pathway, and extremely low levels of TGF-b1. 22 Here, we observed that scoliotic NPCs increased expression of COL1A1, ACAN, and SOX9 in MSCs which were co-cultured in the indirect system for 2 weeks. This long term stimulation was blocked by TGFb receptor I inhibitors. Taking together our observations, we concluded that scoliotic NPCs in culture secreted a small quantity of TGF-b, stimulating TGF-b-sensitive genes in MSCs by TGF-b receptor type I only after a longer period of incubation. In short time transfection experiments TGF-b effect was overwhelmed by other factors, for example, proinflamatory cytokines.
The proximity of NPCs and MSCs in the direct co-culture system did not regulate expression of COL1A1, ACAN, SOX9, and TGFB1 in the interacting cells. Indirect co-culture caused stimulation of COL1A1, ACAN, and SOX9 expression in MSCs but did not stimulate these genes in NPCs. The impact of indirect co-culture of MSCs with NPCs on COL1A1, ACAN and SOX9 expression was observed also by Richardson et al. 21 In our study, similarly as in the paper of Richardson et al., we observed an increase of COL1A1, ACAN, and SOX9 expression only in cocultured MSCs but in NPCs expression of these genes remained stable. 21 In our study the indirect co-culture caused a stronger impact on gene expression than the direct co-culture system. Richardson et al. observed Figure 5 . Impact of two inhibitors of TGF-b receptor type I (TbR-I/ALK5, SB-431542, and SB-525334) on an expression of SOX9 and TGFB1 in co-cultured NPCs and MSCs. NPCs and MSCs were co-cultured for 2 weeks in the 1 mm transwell system. Cells were incubated in presence or absence of 10 mM SB-431542 and SB-525334. Cells were harvested after 2 weeks, and expression of SOX9 and TGFB1 mRNA levels were determined by RT-PCR. mRNA was analyzed using a Sybr-green method. Results are presented as mean of at least three experiments AE SEM.
Ã , ÃÃ , ÃÃÃ placed over the horizontal lines represent respectively flowing p < 0.05, 0.01, 0.001 confidence intervals.
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stronger stimulation of marker genes in the direct co-culture, than in the indirect co-culture. 21 The authors used however, non-scoliotic human NPCs and different direct co-culture system. In this system cells were stained before direct co-culture and sorted after the co-culture. These inconsistent results indicate that further studies are needed to clarify the essential factors in the NPCs-MSCs communication.
We observed decreased levels of three miRNA, for example, miR-21, miR-140, and miR-145 in co-cultured NPCs and MSCs. In both cell types, we observed a lower level of three miRNA in the direct co-culture than in the indirect system. ALK-5 inhibitors diminished these effects. Probably TGF-b secreted by NPCs, and MSCs acting via TGF-b receptor type I was involved in the reciprocal intercellular communication. It was shown in other studies that TGF-b increased miR-140 level in MSCs. 35 In accordance with our results low levels of miR-140 and miR-145 were observed in differentiated chondrocytes. 36 TNF-a and IL1a secreted by degenerated NPCs could increase expression of inhibitory Smad7, what could explain the limited response of these cells to TGF-b in our experiments. 22 A decrease of miR-21, miR-140, and miR-145 in NPCs or MSCs in co-culture was not correlating directly with an increase of COL1A1, ACAN, SOX9, and TGFB1 expression. Exceptionally, down-regulation of miR-145 anticorrelated with its target gene SOX9 expression in NPCs treated with SB-525334. 37 Figure 6. Impact of two inhibitors of TGF-b receptor type I (TbR-I/ALK5, SB-431542, and SB-525334) on miR-21, miR-140, and miR-145 miRNA levels in co-cultured NPCs and MSCs. NPCs and MSCs were co-cultured for 2 weeks in the 1 mm transwell system. Cells were incubated in presence or absence of 10 mM SB-431542 and SB-525334. Cells were harvested after two weeks, and expression of miR-21, miR-140, and miR-145 miRNA was determined by RT-PCR. miRNAs were analyzed with TaqMan probes. Results are presented as mean of at least three experiments AE SEM.
LEHMANN ET AL.
We proposed here an approach of testing of primary cultured NPCs in co-culture with transfected SW-1353. This approach could be used in future to estimate the regenerative potential of NPCs or MSCs to be applied as an auto-graft. Additionally, to our best knowledge, the system of double-faced transwell has not been applied for human NPCs and MSCs coculture before.
Our results show that NPCs could be validated in vitro for their scoliotic disfunction and enable future elaboration of an assay improving scoliosis diagnostics and treatment. Regenerative potential of MSCs could be tested in the same way by co-culture with transfected SW1353 and assaying markers including three miRNAs.
The low level of active TGF-b in the secretome of NPCs and MSCs, during first 48 h of culture, remains actual the question what are the factors initiating of MSCs and NPCs interaction. A limitation of our study is the lack of normal NPCs cells to compare with scoliotic NPCs. Future study should also determine if miRNA could be transferred from NPCs to MSCs as a possible mechanism of interaction. The inflammatory cytokines should also be explored as a possible mechanism of interaction in phenotype modulation. In the future work, the role of IL1a and TNFa, as well as activation of I-Smads in co-cultured NPCs and MSCs, should be determined. Moreover, the role of ERK and p38 pathways and miR-21, miR-140 and miR-145 in the inhibition of TGF-b signalling should be studied. Selection and diagnostic model of NPCs co-cultured with transfected SW-1353 could be explored as a method to estimate NPCs condition in patients with scoliosis or disc degeneration.
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